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ABSTRACT 

Using the Swift data of GRB 050315, we progress on the uniqueness of our theoretically predicted Gamma- 
Ray Burst (GRB) structure as composed by a proper-GRB (P-GRB), emitted at the transparency of an electron- 
positron plasma with suitable baryon loading, and an afterglow comprising the so called "prompt emission" 
as due to external shocks. Thanks to the Swift observations, the P-GRB is identified and for the first time we 
can theoretically fit detailed light curves for selected energy bands on a continuous time scale ranging over 10 6 
seconds. The theoretically predicted instantaneous spectral distribution over the entire afterglow is presented, 
confirming a clear hard-to-soft behavior encompassing, continuously, the "prompt emission" all the way to the 
latest phases of the afterglow. 

Subject headings: gamma rays: bursts — gamma rays: observations — radiation mechanisms: thermal 
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1. INTRODUCTION 

GRB 050315 dVaughan et alJ 120061) has been trig- 
gered and located by the BAT instrument (Barthelmv 
120041 iBarthelmv et alJ 120 05) on board of the Swift satel- 
lite JGehrels et alJ 120041) at 2005 -March- 15 20:59:42 UT 
( Parsons et alJ 120051). The narrow field instrument XRT 
( Burro ws et al.l 120041 120051) began observations ~ 80 s af- 
ter the BAT trigger, one of the earliest XRT observations 
yet made, and contin ued to detect the source for ~ 10 days 
(Vaug hanetal.1120061). The spectroscopic re dshift has been 
found to be z = 1 .949 (iKelson & Bergerl2005l) . 

We present here the results of the fit of the Swift data 
of this source in 5 en ergy bands in the framework of our 
theoretical model (see iRuffini et all 1200 1 albl 120031 12005d 
iBianco & Ruffinil 120041 12005 albl and references therein), 
pointing out a new step toward the uniqueness of the expla- 
nation of the overall GRB structure. In section [2] we recall 
the essential features of our theoretical model; in section[3]we 
fit the GRB 050315 observations by both the BAT and XRT 
instruments; in section|4]we present the instantaneous spectra 
for selected values of the detector arrival time ranging from 
60 s (i.e. during the so called "prompt emission") all the way 
to 3.0 x 10 4 s (i.e. the latest afterglow phases); in section|5] 
we present the conclusions. 

2. OUR THEORETICAL MODEL 

A major difference between our theoretical model and 
the ones in the current literature (see e.g. lPiranll2004l and 
references therein) is that what is usually called "prompt 
emission" in our case coincides with the peak of the after- 
glow emission and is not due to the prolonged activity of 
an "inner engine" which, clearly, would introduce an addi- 
tional and independent phy sical pr ocess to explain the GRB 
phenomenon ( Ruffi nTet al.l 120 lb). A basic feature of our 
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model consists, in fact, in a sharp distinction between two 
different components in the GRB structure: 1) the Proper- 
GRB (P-GRB), emitted at the moment of trans parency of 
the self-accelerati ng e -baryons plasma (see e. g .lGoo dman 
1986; Paczvhs kl I19861 iShemi & Pirart 119901 iPiranetalJ 
1 19931 Meszaro s'et alJ 1 1 993TTG rimsrud & Wasserman 119981 
lRuffinietalJll999Ll2000H2001albll2006l) : 2) an afterglow de- 
scribed by e xternal shocks and composed of three different 
regimes (see lRuffini etaT]fT999l l2000l 1200 lbll2003l and ref- 
erences therein). The first afterglow regime corresponds to a 
bolometric luminosity monotonically increasing with the pho- 
ton detector arrival time, corresponding to a substantially con- 
stant Lorentz gamma factor of the accelerated baryons. The 
second regime consists of the bolometric luminosity peak, 
corresponding to the "knee" in the decreasing phase of the 
baryonic Lorentz gamma factor. The third regime corre- 
sponds to a bolometric luminosity decreasing with arrival 
time, corresponding to the late deceleration of the Lorentz 
gamma factor. In some sources the P -GRB is under the ob- 
servability threshold. In Ruffin iet alJ ( l200 1b) we have chosen 
as a prototype the source GRB 991216 which clearly shows 
the existence of the P-GRB and the three regimes of the after- 
glow. Unfortunately, data from BATSE existed only up to 36 
s, and data from R-XTE and Chandra only after 3500 s, leav- 
ing our theoretical predictions in the whole range between 36 
s and 3500 s without the support of the comparison with ob- 
servational data. Nevertheless, both the relative intensity of 
the P-GRB to the peak of the afterglow in such source, as 
well as their corresponding temporal lag, were theoretically 
predic ted within a few percent (see Fig. 1 1 in Ruffi ni et alJ 
(2003])). 

The verification of the validity of our model has 
been te sted in a variety of other sources, beside GRB 
99121 6 (Ruffini ltail2003T). like GRB 98042 5 JRuffini et alJ 
2004b), GRB 030329 iBernardini et alJl2006T) . GRB 031203 
(Bernardini et a ll2005l) . In all such sources, again, the obser- 
vational data were available only during the prompt emission 
and the latest afterglow phases, leaving our theoretical predic- 
tions of the in-between evolution untested. Now, thanks to the 
data provided by the Swift satellite, we are finally able to con- 
firm, by direct confrontation with the observational data, our 
theoretical predictions on the GRB structure with a detailed fit 
of the complete afterglow light curve of GRB 050315, from 
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FIG. 1 .— Our theor etical fit (red line) of the BAT observations (green points) of GRB 050315 in the 15-350 keV (a), 15-25 keV (b), 25-50 keV (c), 50-100 
keV (d) energy bands i Vaughan et al. 2006). The blue line in panel (a) represents our theoretical prediction for the intensity and temporal position of the P-GRB. 



the peak, including the "prompt emission", all the way to the 
latest phases without any gap in the observational data. 

3. THE FIT OF THE OBSERVATIONS 

The best fit of the observational data leads to a total en- 
ergy of the black hole dyadosphere, generating the e ± plasma, 
Edya = 1 -46 x 10 53 erg (the observational Swift E iso is > 2.62 x 
10 52 erg, see Vaug han et alJl200 6). so that the plasma is cre- 
ated between the radii r\ = 5.88 x 10 6 cm and r-i = 1 .74 x 10 8 
cm with an initial temperature T = 2.Q5MeV and a total num- 
ber of pairs N e + e - = 7.93 x 10 57 . The second parameter of 
the theory, the amount M B of baryonic matter in the plasma, 
is found to be such that B = M B c 2 /E dxa = 4.55 x 10" 3 . The 
transparency point and the P-GRB emission occurs then with 
an initial Lorentz gamma factor of the accelerated baryons 
7o = 217.81 at a distance r = 1.32 x 10 14 cm from the black 
hole. 

3.1. The BAT data 

In Fig. \l\we represent our theoretical fit of the BAT obser- 
vations in the three energy channels 15-25 keV, 25-50 keV 
and 50-100 keV and in the whole 15-350 keV energy band. 

In our model the GRB emission starts at the transparency 
point when the P-GRB is emitted; this instant of time is often 
different from the moment in which the satellite instrument 



triggers, due to the fact that sometimes the P-GRB is under the 
instrumental noise threshold or comparable with it. In order 
to compare our theoretical predictions with the observations, 
it is important to estimate and take into account this time shift. 
In the present case o f GRB 050315 it has been observed (see 
Vaughan et al. 2006) a possible precursor before the trigger. 
Such a precursor is indeed in agreement with our theoretically 
predicted P-GRB, both in its isotropic energy emitted (which 
we theoretically predict to be Ep-qrb = 1.98 x 10 51 erg) and 
its temporal separation from the peak of the afterglow (which 
we theoretically predicted to be Af^ = 51 s). In Fig. ^ the 
blue line shows our theoretical prediction for the P-GRB in 
agreement with the observations. 

After the P-GRB emission, all the observed radiation is pro- 
duced by the interaction of the expanding baryonic shell with 
the interstellar medium. In order to reproduce the complex 
time variability of the light curve of the prompt emission as 
well as of the afterglow, we describe the ISM filamentary 
structure, for simplicity, as a sequence of overdense spheri- 
cal regions separated by much less dense regions. Such over- 
dense regions are nonhomogeneously filled, leading to an ef- 
fective emitting area A e ff determined by the dimensionless 
parameter 1Z = A e ff/A V j S , where A„„ is the expan ding bary- 
onic shell visible area (see Ruffini et al. 2004a, 2005a, for de- 
tails). Clearly, in order to describe any detailed structure of 
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FIG. 2. — Our theoretical fit (blue line) of the XRT observations (green 
points) of GRB 0503 15 in the 0.2-10 keV energy ban dlVaughan et a l. 2006 ). 
The theoretical fit of the BAT observations (see Fig. lit) in the 15—350 keV 
energy band is also represented (red line). 
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FIG. 3. — Eight theoretically predicted instantaneous photon number spec- 
tra N(E) are here represented for different values of the arrival time (colored 
curves). The hard to soft behavior is confirmed. 



the time variability an authentic three dimensional representa- 
tion of the ISM structure would be needed. However, this finer 
description would not change the substantial agreement of the 
model with the observational data. Anyway, in the "prompt 
emission" phase, the small angular size of the source visible 
area due to the relativistic beaming mak es such a spherical 
approximation an excellent one (see also Ru ffini etalJ l2002. 
for details). 

The structure of the "prompt emission" has been repro- 
duced assuming three overdense spherical ISM regions with 
width A and density contrast An/(n): we chose for the 
first region, at r = 4.15 x 10 16 cm, A = 1.5 x 10 15 cm and 
An/(n) = 5.17, for the second region, at r = 4.53 x 10 16 cm, 
A = 7.0 x 10 14 cm and An/{n) = 36.0 and for the third region, 
at r = 5.62 x 10 lf> cm, A = 5.0 x 10 14 cm and An/(n) = 85.4. 
The ISM mean density during this phase is («/sm) = 0.81 
particles/cm 3 and (1Z) = 1.4 x 10~ 7 . With this choice of the 
density mask we obtain agreement with the observed light 
curve, as shown in Fig. A small discrepancy occurs in 
coincidence with the last peak: this is due to the fact that at 
this stage the source visible area due to the relativistic beam- 
ing is comparable with the size of the clouds, therefore the 
spherical shell approximation should be duly modified by a 
detailed analysis of a full three-dimensional treatment of the 
ISM filamentary stru cture. Such a topic is currently under in- 
vestigation (see also Ruffini et al. 2002, for details). Fig. [2 
shows also the theoretical fit of the light curves in the three 
BAT energy channels in which the GRB has been detected 
(15-25 keV in Fig. GJ>, 25-50 keV in Fig. HJ, 50-100 keV in 
Fig. El). 

3.2. The XRT data 

The same analysis can be applied to explain the features 
of the XRT light cur ve in the after glow phase. It has been 
recently pointed out (tNousek et alJl2006l) that almost all the 
GRBs observed by Swift show a "canonical behavior": an 
initial very steep decay followed by a shallow decay and 
finally a steeper decay. In order to explain thes e features 
many different approaches have been propose d (Meszaros 
2006; Nou sek et alJ2006HPanaitescu et al.l2006HZhang et al.1 
2006). In our treatment these behaviors are automatically de- 
scribed by the same mechanism responsible for the prompt 



emission described above: the baryonic shell expands in an 
ISM region, between r = 9.00 x 10 16 cm and r = 5.50 x 10 18 
cm, which is significantly at lower density {(hism) = 4.76 x 
10" 4 particles/cm 3 , (11) = 7.0 x 10" 6 ) then the one correspond- 
ing to the prompt emission, and this produces a slower de- 
crease of the velocity of the baryons with a consequent longer 
duration of the afterglow emission. The initial steep decay of 
the observed flux is due to the smaller number of collisions 
with the ISM. In Fig. |2]is represented our theoretical fit of the 
XRT data, together with the theoretically computed 15-350 
keV light curve of Fig. (without the BAT observational 
data to not overwhelm the picture too much). 

What is impressive is that no different scenarios need to be 
advocated in order to explain the features of the light curves: 
both the prompt and the afterglow emission are just due to 
the thermal radiation in the comoving frame produced by in- 
elastic collisions with the ISM duly boosted by the relativistic 
transformations over the EQTSs. 

4. THE INSTANTANEOUS SPECTRUM 

In addition to the the luminosity in fixed energy bands we 
can derive also the instantaneous photon number spectrum 
N(E) starting from the same assumptions. In Fig. [3]are shown 
samples of time-resolved spectra for eight different values of 
the arrival time which cover the whole duration of the event. 
It is manifest from this picture that, although the spectrum in 
the co-moving frame of the expanding pulse is thermal, the 
shape of the final spectrum in the labor atory frame is clearly 
non thermal. In fact, as explained in Ruffini et al. (2004a), 
each single instantaneous spectrum is the result of an integra- 
tion of thousands of thermal spectra over the corresponding 
EQTS. This calculation produces a non thermal instantaneous 
spectrum in the observer frame (see Fig. [3}. 

A distinguishing feature of the GRBs spectra which is also 
present in these instantaneous spectra is t he hard to soft tran- 
sition during the evolution of the event JCr ider et al l 1 19971 
iFrontera et all 120001 iGhirlanda. Celotti & Ghisellinil 120021) . 
In fact the peak of the energy distribution E p drifts monotoni- 
cally to softer frequencies with time. This feature is linked 
to the change in the power-law low energy spectral index 
a (Bandetal. 1993), so the correlation between a and E p 
( Crid eret al J 1 99 7 ) is explicitly shown. 

It is important to stress that there is no difference in the 
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nature of the spectrum during the prompt and the afterglow 
phases: the observed energy distribution changes from hard 
to soft, with continuity, from the "prompt emission" all the 
way to the latest phases of the afterglow. 

5. CONCLUSIONS 

Before the Swift data, our model could not be directly fully 
tested. With GRB 050315, for the first time, we have ob- 
tained a good match between the observational data and our 
predicted intensities, in 5 energy bands, with continuous light 
curves near the beginning of the GRB event, including the 
"prompt emission", all the way to the latest phases of the af- 
terglow. This certainly supports our model and opens a new 
phase of using it to identify the astrophysical scenario under- 
lying the GRB phenomena. In particular: 

1. We have demonstrated that the "prompt emission" is 
not necessarily due to the prolonged activity of an "in- 
ner engine", but corresponds to the emission at the peak 
of the afterglow. 

2. We have a clear theoretical prediction on the total en- 
ergy emitted in the P-GRB E P - CRB = 1.98 x 10 51 erg 
and on its temporal separation from the peak of the af- 
terglow At% = 51 s. To understand the physics of the 
inner engine more observational and theoretical atten- 
tion should be given to the analysis of the P-GRB. 

3. We have uniquely identified the basic parameters char- 
acterizing the GRB energetics: the total energy of the 
black hole dyadosphere Ed ya = 1.46 x 10 53 erg and the 
baryon loading parameter B = 4.55 x 10~ 3 . 

4. The "canonical behavior" in almost all the GRB ob- 
served by Swift, showing an initial very steep decay fol- 
lowed by a shallow decay and finally a steeper decay, as 
well as the time structure of the "prompt emission" have 
been related to the fluctuations of the ISM density and 
of the 7Z parameter. 



5. The theoretically predicted instantaneous photon num- 
ber spectrum shows a very clear hard-to-soft behavior 
continuously and smoothly changing from the "prompt 
emission" all the way to the latest afterglow phases. 

Only the first afterglow regime we theoretically predicted, 
which corresponds to a bolometric luminosity monotonically 
increasing with the photon detector arrival time, preceding 
the "prompt emission", still remains to be checked by direct 
observations. We hope in the near future to find an intense 
enough source, observed by the Swift satellite, to verify this 
still untested theoretical prediction. 

As a byproduct of the results presented in this Letter, we can 
explain one of the long lasting unanswered puzzles of GRBs: 
the light curves in the "prompt emission" show very strong 
temporal substructures, while they are remarkably smooth in 
the latest afterglow phases. The explanation follows from 
three factors: 1) the value of the Lorentz 7 factor, 2) the 
EQTS structure and 3) the coincidence of the "prompt emis- 
sion" with the peak of the afterglow. For 7 ~ 200, at the peak 
of the afterglow, the diameter of the EQTS visible area due to 
relativistic beaming is small compared to the typical size of an 
ISM cloud. Consequently, any small inhomogeneity in such 
a cloud produces a marked variation in the GRB light curve. 
On the other hand, for 7 — » 1, in the latest afterglow phases, 
the diameter of the EQTS visible area is much bigger than the 
typical size of an ISM cloud. Therefore, the observed light 
curve is a superposition of the contribution of many differ- 
ent clouds and inhomogeneities, which p roduces on average 
a much smoother light curve (details in R uffini et al J 120021 
12001 . 
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